Introduction
M ajor General (Maj. Gen.) Norman T. Kirk MC, US Army is rarely mentioned among the 20 th century's most outstanding leaders in medicine [10] [11] [12] 23] . This is an unfortunate omission. As the US Army Surgeon General during World War II, Maj. Gen. Kirk was responsible for the care of approximately 599,724 wounded soldiers, as well as for maintaining the health of approximately 10.4 million soldiers and airmen during the course of the conflict [25, 26] . An outstanding clinician and renowned orthopaedic surgeon, Maj. Gen. Kirk cared for and studied battle casualties throughout his entire military career.
War surgery differs from civilian medicine in a number of ways. First, wounded soldiers must be simultaneously treated and evacuated through successive military treatment facilities. Procedures favoring safe transportation, such as leaving wounds open to allow drainage and prevent infection and staged surgeries, are ideal. Once at a site of definitive care, the more complex care can be provided in a more stable environment, where specialized skill may be consolidated. This model, as applied to patients with amputation, was developed by Maj. Gen. Kirk and others in the US military by the end of World War I. War surgery and amputation care are a discontinuous practice, which means they must be subsequently relearned with every conflict. Armed with the necessary understanding of specialized care, Maj. Gen. Kirk organized treatment approaches for patients with amputation. By doing this, he reduced the learning curve, and contributed to the higher quality of care.
A Challenging Assignment
Maj. Gen. Kirk did not go overseas during World War I, much to his disappointment. Instead, he was named a medical instructor at Camp Greenleaf in Georgia. His assignment to Camp Greenleaf lasted until early 1919, when a new challenge with greater responsibility presented itself up north. [19, 25] , initiating a large patient casualty load for the military's medical system that extended through 1919. Wounded soldiers were initially treated in France, and gradually brought back by ship to the United States. In January 1919, Maj. Gen. Kirk was assigned to Walter Reed Hospital, but due to the large number of patients returning through Hoboken, NJ, USA, he was temporarily assigned later that same year to General Hospital No. 3 in Colonia, NJ, USA. As one of only two amputation centers on the entire East coast designated by the Army Surgeon General's Office (the other being Walter Reed), General Hospital No. 3 was equipped with an appliance shop that provided artificial limbs. In the spring of 1919, the hospital cared for 1335 patients with major limb loss [29] . The care of patients with war amputations and their sequelae was a complex process for its day. Common procedures included drainage of osteomyelitis and sequestrectomy, followed by plastic closure of the residual limb. The operative volume peaked in April 1919 with 138 amputation procedures [29] .
A Direct Approach to Amputation Care
On the basis of his experiences at General Hospital No. 3 
and Walter
Reed, Maj. Gen. Kirk (Fig. 1 ) studied 1700 patients with amputation, and operated on more than 700 of them in the short time period just after World War I [13] . He published a monograph of his experiences in 1924. The volume, Amputations [13] , summarized his experiences in caring for those who sustained limb loss during World War I. In Amputations, Maj. Gen. Kirk recognized that surgeons did not routinely follow their patients through the continuum of care and were often unfamiliar with what factors influenced their patients' outcomes [13, 29] . He had the advantage of continuity of care, and he carefully followed those with limb loss as they arrived from overseas, as well as during the several ensuing months through wound closure, stump healing, and initial prosthetic fitting.
Although patients with limb loss often presented complex wounds and injuries, Maj. Gen. Kirk's approach to care was relatively straightforward: Produce a good residual limb, which will allow for better prosthetic fitting, and therefore, better function and ambulation for the patient. Because of its associated low infection rate, he recommended the ''open circular'' amputation, in which the surgeon performs the surgery at the lowest level of viable tissue. The skin envelope is placed in skin traction. He viewed the initial surgery as a first stage, with 95% of those patients receiving a procedure to close the residual limb. He also advised closure of the residual limb only when the limb met certain clinical and bacterial biopsy criteria. Maj. Gen. Kirk judged the limb itself as ''ready'' when it was free from superficial and deep edema, treated sinus tracts, osteomyelitis, and skin lesions [13] . These criteria were important since there were no antibiotics. Because the open wounds were colonized, the bacterial load had to be low before wound closure could be considered safe. A microscopic bacterial count could not be greater than one bacterium per highpowered field, and the presence of hemolytic Streptococcus species was a contraindication to surgery. Additionally, he advised that the maximum amount of soft tissue should be obtained from skin traction prior to skin closure and the patient should be in ''good general condition'' [13] .
For closure, he recommended three procedures: A simple plastic closure, a myodesis with plastic closure, and revision amputation to the next higher level. He did not recommend the use of skin grafts to close the residual limb because of the lack of sensation in the graft. Sensation is needed because the skin bears weight through the prosthesis [13] .
Physical therapy was in its early infancy around this time, but he helped develop standardized protocols for wound care, ambulation, or activities for daily living. The manner in which the open wound was cared for helped determine the ultimate function for the patient [13] . Patients with limb loss need a multidisciplinary team of physicians, nurses, therapists, and prosthetists who could work together to care for these complex injuries. Nearly 100 years later, this is still the case. The multidisciplinary team would consolidate their resources at a designated hospital, which would care for a large number of patients with amputations. As head of the amputee service, Maj. Gen. Kirk clearly influenced all of these concepts, setting the tone for future conflicts.
The Path to Surgeon General
During the interwar years, Maj. Gen. Kirk was also stationed in the Philippines, Fort Sam Houston in San Antonio, TX, USA, Walter Reed Army Medical Center (twice), and the Presidio of San Francisco, CA, USA. In 1938, he became the first US Army physician to be board certified in orthopaedic surgery. He cared for a wide variety of general orthopaedic patients and recognized that, unlike World War I, the impending World War II would require specialized medical care, particularly for patients with limb loss [15, 17, 18] .
Maj. Gen. Kirk was named Commanding Officer of Percy Jones Army General Hospital in Battle Creek, MI, USA [7, 10] at the beginning of World War II. This hospital later became one of five designated US Army amputee centers [21] . While at Percy Jones (Fig. 2) , Maj. Gen. Kirk helped develop clinical policies for battle casualties, specifically service members with amputations [2] [3] [4] [5] 7] . These policies included policy memorandums for staged surgical care, initial physical therapy, and initial prosthetic fitting.
In [1, 28] .
Treatment Policies During World War II
As US Army Surgeon General, Maj. Gen. Kirk proactively established amputee centers and treatment policies during World War II, preventing inconsistent care to patients with limb loss. Earlier, as the US Army prepared for the conflict, Maj. Gen. Kirk recommended that steps be taken by the Army medical corps to ensure that consistent, high-quality care was provided for patients with amputations [8, 9, 14] . Rather than having individual practitioners treating amputees in various ways, amputation care protocols were established based on the best available evidence to provide the most consistent care. This allowed for better care of the patient who may have a variety of doctors during various stages of care, and easier maintenance of wound care and prosthetic fitting [6, 27] .
Of the soldiers in the US Army wounded in action during World War II, about 15,000 (2.5%) required major amputations [24] . More than 90% of those 15,000 were cared for at amputee centers in the United States after May 1, 1944, coinciding with the opening of the European Theater in June 1944. Approximately 350,000 of the wounded in action came from the European Theater [22] . Once the amputee service members returned to the United States, they were assigned to one of the designated amputee centers. At the center, service members received wound care and revision surgery to close the residual limb, a series of temporary prostheses, and the initial rehabilitation. Patients stayed at the center until they were ready for a permanent prosthesis.
Because of the real and perceived problems of wound care, rehabilitation, and prosthetic fitting with the early patients with limb loss, Maj. Gen. Kirk requested a review by civilian consultants of all the amputee centers in May of 1944 [27] . This review occurred prior to the great influx of patients who accumulated as the war progressed in Europe. Some of the noted problems early in the war included slow fitting times for patients with temporary or permanent prostheses and the inability to create suitable prosthesis for their young, active patients. Researchers conducted studies designed to improve prostheses that would allow for better function [18, 24] . The civilian consultant ultimately praised the high quality of care provided to the large volume of amputees in spite of shortages of personnel and equipment [27] . Soldiers were being fitted with the best temporary limbs available, according to the report.
Col. Francis McKeever MC, USA reported on the results of 2783 patients with limb loss (2988 amputations) cared for more than a 33-month period at Percy Jones General Hospital. The results demonstrated by Col. McKeever validated the early policies of Maj. Gen. Kirk [16, 20] . A second inspection of the amputee centers by civilian consultants in October 1945 confirmed the excellent care given to amputees [6] .
To ensure that quality care was provided for soldiers, Maj. Gen. Kirk traveled constantly, visiting the Pacific Islands, Africa, and Europe, as well as military hospitals in the continental United States. When he was staying at his home on the Walter Reed campus, he would round on all of the patients with limb loss every Sunday, maintaining his connection to not only clinical medicine, but also his particular clinical expertise, according to his daughter, Ann Willard.
Improving The Prosthesis
During World War II, researchers conducted studies to improve the temporary and permanent prostheses [8, 9, 18] . Initially, amputee centers investigated new temporary prostheses, which could be produced on a large scale. In February 1945, the Committee on Amputations of the National Research Council was established to coordinate and sponsor research on artificial limbs [18] . The committee conducted studies to develop knee and ankle mechanisms for prostheses, evaluation of different materials (plastic or Bakelite) for sockets, artificial hands, and differing types of metals for prostheses. Additionally, they sponsored basic science projects on gait and prosthetic/residual limb interface. These longer-term projects continued after the war, making subsequent improvements to artificial limbs.
After World War II, a commission on artificial limbs toured centers in Europe. Two main developments were further investigated in the United States: The suction socket for transfemoral limb loss, and cineplasty, a technique in which muscles mechanically power a prosthesis [24] .
At the end of World War II, the US Army established The Army Prosthetics Research Laboratory to research and develop artificial hands [23] .
Conclusion
There are a number of achievements that occurred during Maj. Gen. Kirk's administration including the industrial production of penicillin, the rapid expansion of the Medical Corps, and the establishment of a consultant system establishing policies based on the best available evidence that promoted best practices for the combat wounded. In the area of amputee care, Maj. Gen. Kirk's background and leadership ensured fast and efficient quality care for the large number of amputees. He consistently implemented improvements as soon as they were recognized. The establishment of amputee centers or independent services within military hospitals has been rediscovered with every conflict since World War I. Today, prosthetic research at Northwestern University in Chicago, Illinois, USA is an outgrowth of these efforts during World War II, originally starting with research grants from the Office of Scientific Research and Development.
